Gradual DNA demethylation of the Oct4 promoter in cloned mouse embryos.
During differentiation, somatic cell nuclei acquire unique patterns of epigenetic modifications, such as DNA methylation, which affect the transcriptional activity of specific genes. Upon transfer into oocytes, however, the somatic nucleus undergoes reprogramming of these epigenetic modifications to achieve pluripotency. Oct4 is one of the critical pluripotency regulators, and is expressed in the germ line, including the pluripotent early embryonic cells. Previous studies showed that the upstream regulatory sequences of the Oct4 gene are distinctly methylated in somatic cells, and the DNA methylation of the regulatory sequences suppresses the transcriptional activity. Thus, successful reprogramming of the somatic cell nucleus to gain pluripotency must be accompanied by the demethylation of the Oct4 regulatory sequences. Here, we investigated the methylation pattern of the Oct4 promoter during early development of cloned mouse embryos. We found that the Oct4 promoter was only gradually demethylated during the early cleavage stages and that the ineffective demethylation of the promoter was associated with developmental retardation. We also found that the upstream sequences of the other pluripotency regulators, namely Nanog, Sox2, and Foxd3, were considerably under-methylated in cumulus cells. These results suggest that the Oct4 gene, as compared to the other pluripotency regulators, needs to undergo extensive demethylation during nuclear reprogramming, and that the failure of such demethylation is associated with inefficient development of cloned somatic cell embryos.